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A n^CTAiiGUiAH duct 

T.y Chrirles H. McLellan rnd \vrltor A. Bnrtlott, Jr. 



IIITHODUC^TIGIT 



Tlie incror?.£.ed complo t;/ of r/.odern p.irplane-eiiir^ine in- 
s t '^,1 la t i on s , vlth o::tGn35,ve iize of cbact sjstenr^ has great- 
ly incroar;ed -:l.c iiriportancc of v;ell-de signed "bonds in ducts 
Tho improper fur cti onin.^ of aircraft car T^ur e c or s , for in- 
f^tancc, h:iB D':er blared in L^any cascG on thj poor ducting 
of air 'oefcre it r/^achoG the carburetor. Air.onr: tlio major 
faults fcuid in the ductin^j Bysteurj 5. s the iTipropor desit^i^n 
of elbo--rG ,iu!3t Doforo the carburetor. 

The or i;r::i n.-^ 1 riurpoGc of this invo t i^:^at i on was to ob- 
tain an rlbo\7 ;ni:a\v..^ for uro in airplane carburetor air in- 
tPvko ducts, v7-iich z lev; Io.oGcb and good velocity distri- 
bviticn vrithout t?io use of turnin.^' varcs* This investiga- 
tion >;ao not intcnd':d to be a coLVolote r.tudy of duct elbows 
as itn ooope i linitod to olbov;s of proportioiis which were 
conr:idercd to be uo3t prOvCtical. 

APPAHAwUS AlTD IIEI7ICD 



Tho tcstr v/oro conducted \TGin,': a rectangular duct 
havirij?; a width,, w, 2.57 ti.uon as ^rcat as tho depth, d, 
and havin^^ thw clbovr in horisonto.1 plane. This ra.tio, 
w/d, v;hich will bo called tho rspoct ratio of tho duct, 
vrac chorion r^incc it i r> applicable to tho carburetor for a 
modern airplan:. cnr-^ine. Other proportions, v/'.ich are 
chown in fir^jare 1, v;ere chcson ar, likely proportions in 
enif^ine insta.llat i ons . 

Tho tests vrere nade at a Reynolds nunber of about 
300,000, based on the depth of the duct, v/hich was 2.625 
inches. An entrance lcn^^;th of about nine tiuos the duct 
depth was used to build up a boundary layer appr oxinat ing 
conditions in an pvCtxial installation. 

The air wa.s drav:n throua'h the duct by a blov/er nounted 
in tho rear of the entrance tube and elbovr. This allowed 
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tho ontrp.r.cc tn'bc r\\one to doternino th-) typo of flcv/ and 
ar.our-t o.'T "boundr'.ry Ir.yor* 

A r.'-3ce neaf.'urod th3 static and total pre!ir-ure distri- 
l)'ition across the iGj'th of the duct Imck of the elbow. 
Tho loca::-'.on of the rnke v;as chcser. at C.TSd l:ack 
of ire Go?iter lino of tiic entrance doict:^ en all ontrnnces 
except K and L. (Sec fig. 1.) Thic location v/ac; con- 
f5idored o "bo r practical location fron tho standpoint of 
actiual duct ins tallat i oug « I^oving the rake either forward 
dr "backward wonld, of c^iTrso, chan'^^e tlio r.eatrarcd pressure 
drop and ^]\.q velocity di c:t r i bnt i on . 

Behind the rako thn t-ub^-j v/a3 ccnti::iicd for a distance 
of twico tho depth before the air v/ac dirchar{;:ed into a 
lar:;e tube in tho blc\^'-cr. Tho lenjf^th of thi3 tube was :nif- 
ficicnt to ar,ourj tho conploto turning of tho air. An o::- 
troncly chort txi;y3 follov/ing the bond v/ould have allowed 
tho air to lor.vo tho tube before tlic air v/as ccnpletcly 
t\irncd , 

Tho two charan t cri utiCG of tho elbows v/hich v;crc con- 
sidered to bo i:/:)ortant were tho arumnt of flov/ for a '^ivcn 
proGGurc drop and Ihe vo].ocity di fstribut i on acroso tho duct 
after th. e bend. 

RESULTS A D DISCUSSIOIT 



Tho rcrraltfl are proi^cntod in t?^o following nondinon- 
Gional unite: 

0 

= — y~ > flovr coefficient 

P 



velocity ratio 



^3 y «2 

:c/d di:.tance iron inner v^al 1 in ternc of duct 

do].>th at rako section 



P 



r.ia;sn density of air 
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IxC f oj.l ov;lng dinenn:'. onn.l uni t 3 : 

- P., Litat ic-presrure drop ?.rL "both entranco duct 
p.nl clbov; 

CO 
CO 

^ " t ot al-pre n nur e drop 

vrh ore 

Q qu.'iiitity of a5,r, cubic feet por second 

A or oi.->r- [sect ional r roa of duct n.t rake 

Pq frvio-e-^ir strtic prosruro, inches of alcohol 

Pjy rvVeraco :>tatic pro 3 sure at rake, inches of 

r- 1 C 0 h 0 1 

p^ p.r-ivct[::c Lv:;ati^^ prG^^Guro at tho "bejP:! niiin^ of 
t}-LC bor.d, pounds per cquaro foot 

P^ avora;;o :.-tatic prooj'urc at rako, pounds per 
Gq_uar 0 foot 

Yo * velocit-^ at any point acror. s stroan at ra.ko 

avoTp.^o velocity at rako recti on 

cf^ avorasc dynar;ic head before the bond, pounds 
per square foot 

dynanic head at any poi?it across the ctroan 
at the rako, pounds per square foot 

q^ averaco dynanic head at the rake section, 
potmds per square foot 

Hr) frcc-air total pr erasure 

Hg totr.l prosGuro at any point a.croGS rako section 
X distance fron inner wall at rake section 
d depth 01 dxict at rake section 

Tha flovr coof fi ox o:.t , \7hich was dovisod to shov; the 
cf f Oct ivono ss of tlie elbov;, is t^.e ratio of the quantity of 
flov; throur-ii the actual turn to the quantity of flov; through 



4 



an ider.l duct v;ith t]xe sr>jae static-pressure drop, the ldeal_ 
duct •bGl:i{: one in v;hicli all t:-e static pressure is convert- 
ed into velocity head. 3hc static-pressure drop in the ac- 
tual ol'box/ v/as considered as "being the drop duo to losses 
in the bond plus tho drop duo to the velocity head. When 
the losses tliroucii the elT)ow arc zero, tho flow coefficient 
is unity. If tho effectiveness of the duct v/orc to te "based 
on tho total-pressure loss, unsatisfactory results would "bo 
obtained, as tho loss of pressure is aluost ncglieiblo and 
:-iost of the reduction in quantity is duo to uneven velocity 
distribution rather than total-pressure losses* 

The values of the flovr coefficient P^, for tho various 
ducts arc presented in tho following table: 



TA3L3 I 



Elbow 


Ideal 
elliow 


A 


3 


0 


D 




P 


G 




1 


0.937 


0,837 


0.840 


0.840 


0.852 


0,898 


0,881 


Elbo\ir 


E 


I 


J 


K 


I 


Straigiit cLuot 




0.914 


0,865 


0,930 


0,930 


0.955 


0.984 



Since the velocity distribution is cf considerable in- 
portancc, especially for bends in front of carburetors, 
tho velocity distributions are presented in figures 2 to 5, 



Tijurcs S to 13 arc tho plots of tho total-pressure 
and static-prcGGure drops across the entrance duct and el- 
bo v;, measured pt tho rake. 

Discussion 

The advantages of the -^oll-roundod cornor over the 
square outer cornor are clearly shov/n in table I, and in a 
conparison of figure 2 v;ith figure 3, The flow coefficient 
of duct A, which is about 10 percent hi/i;hor than that of any 
of the square outer corner bends, is conclusive proof of tho 
lower loss of ducts of type A of these proportions, Tho 
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VGlocity and prefJSiiro distribution arc also njuch bettor - 

for duct A than for ducts B, C, or D , 

^ Those data do not agroo with tho conclusions arrived 

^ at in reforenco 1. apparently because tho invalid assnmp- 
\ tion '7as made that tho losses of the two olbows would raain- 
■5 tain their relative values 7/hon tho aopoct ratio and other 

proportions woro chan::]:od froc: those tostoi. This assumption 
need not be true as tho losses of tho tvvo elbo^^s may be 
entirely different in naburo and, therefore, be affoctod 
differently by the duct proportion. Therefore, although tho 
olbow with sqVvaro outer corner wo.s found better at low" 
aspect ratio than the vro 11-v oundc d corner (roforonco 1), 
it docs not follow that tho square outer corner was also 
bettor at high aspect ratios. 

The accelerating ducts S to K, inclusive, wore 
desitjned with the idea of improving tho air flc? by creating 
a favorable prcr^sure gradient through tho elbow by acceler- 
ating tho air as it rounds tho corner^ Unfortunately tho 
losses in o:cpanding tho air back to tho original area arc 
generally greater than tho decrease in loss through the 
bond. 

Bends F and G woro attempts to overturn the air in 
order to reduce tho boundary layer on the inside walle 
(Sec roforenco 2« ) .Slbow G succeeded in reducing the 
boundary layer on tho inside '7all even below that of 
olbow but the losses were considerably greater than 

those of olbow A, Another moans of reducing the botindary 

layer thickness on the inside wall and nal-:.n,^ uho flow uore 
nearly syrna.et r ioal Wc\s to cake the wcclo oirpr^ on on 
tho outsl^le wall , lo^f^vin^ the inner r,all t:^/rt:\r'nt after the 
turn }{:i::, or7^ l; . a^--: J ar- vor-ionn cx' tJ;is. Lilbow J 
was c : li 1: : ; o r 1 y I o L U; r c hf^ n ^ }:to^i^<s H ao i i , This elbow 
had a b^ivoor volooi^:y dis ^; -il' u!: :i. on than elbow A^ with only 
a slightly Icvor flov. cocf f ic it^ .rt . 

Tho f:haracteT i?;tice of elbows Z and L are not 

quite r.oy^r:^,x a- lo th tLo^'j of other olbows ^ as t ho 

cf D-'^ jot - or/^;. area at iho optv;:-nco vvac f:.''jaLor thci.r\ that 
of or:]r:ti. Alboy/ L actually a ^e^slo^ of tho 

ac^r'l-^rr.zln^: elnoWj cxcop- that tho.o r:o o:^.;>ir.nsion after 
t::o U.rn., vh.i^ Oxbov^^ :..g co/^sidorao j y botior t:.^n any of 
tho o^x-o-r^ to^tol, sivico it ha? ail ;;ho al7^n!:r,>os of acccl- 
ex'.i. tvrn -vill^jut t/ ; d i ^-.dv an ua^o of rvi o-x-.^nsion^ 
U-ro- ^ ;vuj-:o ly t::.^3 typo •iol-.oa piactical^ as it requires 
a re^.u-tion in tho c r oss--sGct i onal area of the duct through 
tho elbow. 
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The ol"bov;s A, J, nnd L, whicia vcro the "best of those 

tor/bod, arc nov nocoGcarily tho "bosi; clbovrs that ccin "bo 
inr.do , Sovoi'al chanson can "be nradc on cloov; A, v/hich 
\7ould , incroaso the flov/ oificiancy» Incroasint;; tho radi-'j.s 
has 'ooon Qhovrn to decrease tho loss (rcforcnco !)♦ Incroas- 
ing tho aspect ro-tios, tho vridth divided "by tho depth, htas 
rlso "boon found to decrease the losses. (See references 2 
ani. ) 

Tho value of ^^^^ido vanes in ducts of those propor- 
tions is dou"btful, since the riain value of e;uido v.ancG is 
in "bends of very lov; aspect ratio or whore very sharp 
tends are required • \fhen Qooil proportions can "be \iscd in 
tho el how 5 the losses are so lov; that very little, if any- 
thin/;:, can "be fjainod ly the use of i-aiido vanes, 

C0j:CLUSI01;S 



1^ A V70ll-r oM/ulod olhow with ar«pcct ratio of 2.57 
had considcrahly lo^rer losses and "bettor velocity distri- 
bution than one with squp-re outer corners of tho sa:.ic pro- 
portions. 

2. An accclorat inj-:^ olaow of one type resulted in a 
hotter velocity di str ihution "beyond tho clbov/ then any of 
tho other el"bov;s tested having; the same entrance and exit 
duct areas. This v/a.s o.oconpanicd "by only a very sll^i'-t 
increase in loss. 

3» An accclor.at ing elbow having a smaller exit duct 
than entrance duct was found to havo the lowest losses of 
any tasted, 

4, Althou^:h those t< str. indicated that certain elbov;s 
\7ere superior acr odynaiuically to others, there is no proof 
as yet tliat they vrlll provide better carburetor operational 
characteristics; in i'act, re'oorts to tho contrary are prev- 
alent. The work that is continuin^^ alon.<;; these li>ios shoiild 
do T.iuch to clarify nany unknowns that nov^ e:cist in the appli- 
cation of duct desi.^n. 



Lca.ngloy I!', mor ical A^r onaut i cal Lr borat cry, 

rational Advisory Con^niit t c c for Aeronautics, 
Lrnr-lcy Piold, Va, 
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Figure 18.- 



Presaure dietribution acroaa duct behind elbow L. Pressure 
drop measured at • 6.96 Inches of alcohol. 



